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DETAILED ACTION 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1. 17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.1 14. Applicant's submission filed on September 26, 2005 has been entered. Claims 1- 
29 are pending. 

Response to Arguments 

2. Applicant's arguments have been considered but are moot in view of the new ground(s) 
of rejection. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. 

Claim Rejections - 35 USC §103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1-9, 14-19, 21-25 and 27-29 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over "Value Speculation Scheduling for High Performance Processors" by Fu et al. 
(art of record, "Fu") in view of U.S. Patent No. 4,763,245 to Emma et al. ("Emma"). 



With respect to claim 1 (currently amended), Fu discloses a method comprising: 
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(a) creating a data flow graph associated with a program (see, for example, page 266, 
Figure 7, step 3, which shows creating a data dependence or data flow graph); 

(b) identifying a first instruction that is to be executed after a second instruction (see, for 
example, page 263, column 2, lines 1-3 and Figure 3(a), which shows an instruction 14, i.e. a first 
instruction, that is to be executed after an instruction 13, i.e. a second instruction); 

(c) determining that an outcome of the first instruction is dependent on an outcome of the 
second instruction based on the data flow graph (see, for example, page 263, column 2, lines 7-9 
and page 264, Figure 4(a), which shows that an outcome of the first instruction 14 is dependent 
on an outcome of the second instruction 13). 

Although Fu does not expressly disclose the limitation wherein the outcome of the 
second instruction represents a key into a software structure that includes a set of keys 
representing various outcomes of the second instruction and a corresponding set of predicted 
outcomes of the first instruction, Fu does, however, disclose a table of predicted values in which 
each entry in the table has an index or key (see, for example, page 264, column 1, lines 29-33). 
The values in the table represent predicted operands of the first instruction 14, based on predicted 
outcomes of the second instruction 13, and enable the first instruction 14 to be speculated (see, for 
example, page 264, column 1, lines 6-13). 

Furthermore, Emma discloses a data-dependent branch table (DDBT) for predicting the 
outcome of a branch instruction based on its operands (see, for example, column 3, lines 64-67). 
The branch instruction is a first instruction whose operands depend on an outcome of a second 
instruction, such as a store instruction that changes a condition code (see, for example, column 5, 
lines 20-27). The operands (i.e., the outcomes of the second instruction) represent keys in the 
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DDBT that correspond to the predicted outcomes of the branch instruction (see, for example, 
column 6, lines 35-59). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to supplement the prediction method of Fu with a software structure that includes a set 
of keys representing various outcomes of the second instruction and a corresponding set of 
predicted outcomes of the first instruction, such as the data-dependent branch table of Emma, so 
as to predict, for example, the outcomes of branch instructions and thus improve execution 
performance (see, for example, Emma, column 1, lines 12-31). 

Fu also discloses: 

(d) inserting a third instruction to be executed after the second instruction and before the 
first instruction (see, for example, page 263, Figure 3(b), which shows inserting an instruction 17, 
i.e. a third instruction, after the second instruction 13 and before the first instruction 14), wherein 
the third instruction is to retrieve a predicted outcome of the first instruction from the software 
structure based on the outcome of the second instruction (see, for example, page 264, column 1, 
lines 10-15, which shows that the third instruction 17 retrieves a predicted value from the table). 

With respect to claim 2 (original), Fu also discloses the limitation wherein the second 
instruction precedes the first instruction during the execution of the program by one or more 
intermediate instructions (see, for example, page 263, Figure 3(a) and page 264, Figure 4(a), 
which shows that a second instruction such as II, an instruction on which the first instruction 14 
depends, may precede the first instruction 14 by one or more intermediate instructions). 
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With respect to claim 3 (original), Fu also discloses the limitation wherein the software 
structure is a lookup table (see, for example, page 264, column 1, lines 29-33, which shows an 
indexed table, i.e. a lookup table). 

With respect to claim 4 (original), Fu also discloses the limitation wherein each predicted 
outcome in the software structure is an outcome resulted from a last execution of the first 
instruction when an outcome of the second instruction was equal to a key associated with said 
each predicted outcome in the software structure (see, for example, page 265, column 1, lines 16- 
18, which shows that the predicted value is the last value, i.e. an outcome resulted from the last 
execution). 

With respect to claim 5 (original), Fu also discloses: 

(a) inserting a fourth instruction to be executed after the first instruction (see, for 
example, page 263, Figure 3(b), which shows inserting an instruction 19, i.e. a fourth instruction, 
after the first instruction 14), the fourth instruction is to update the software structure with the 
value resulted from the execution of the first instruction with the corresponding outcome of the 
second instruction (see, for example, page 264, column 1, lines 15-18, which shows that the 
fourth instruction 19 updates the table with the resulting value). 

With respect to claim 6 (original), Emma further discloses the limitation wherein the first 
instruction is a branch instruction (see, for example, column 5, lines 20-27). 

With respect to claim 7 (original), Emma further discloses the limitation wherein the 
branch instruction is any one of an indirect branch instruction and a direct branch instruction 
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(see, for example, column 5, lines 20-27, which shows that the branch instruction is a direct 
branch instruction). 

With respect to claim 8 (original), Fu also discloses the limitation wherein the outcome of 
the second instruction is a value that determines the outcome of the first instruction (see, for 
example, page 263, Figure 3(a), which shows that the outcome of the second instruction 13 is a 
value, stored in R4, that determines the outcome of the first instruction 14). 

With respect to claim 9 (original), Fu also discloses the limitation wherein the outcome of 
the second instruction is a data address of a value that determines the outcome of the first 
instruction (see, for example, page 263, Figure 3(a), which shows that the outcome of a second 
instruction 12 is a data address of a value, subsequently stored in R4 by instruction 13, that 
determines the outcome of the first instruction 14). 

With respect to claim 14 (currently amended), the apparatus recited in the claim 
corresponds to the method recited in claim 1 (therefore, see the rejection of claim 1 above). Note 
that Fu also discloses a compiler (see, for example, page 267, column 2, lines 8-18). 

With respect to claims 15-19 (original), the limitations recited in the claims are analogous 
to the limitations recited in claims 2-6, respectively (therefore, see the rejections of claims 2-6 
above, respectively). 

With respect to claim 21 (currently amended), the system recited in the claim corresponds 
to the method recited in claim 1 (therefore, see the rejection of claim 1 above). Note that Fu also 
discloses a compiler (see, for example, page 267, column 2, lines 8-18). A memory and a 
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processor are inherently provided to store and execute the compiler, respectively, without which 
the prediction method of Fu would be inoperative. 

With respect to claims 22-25 (original), the limitations recited in the claims are analogous 
to the limitations recited in claims 2 and 4-6, respectively (therefore, see the rejections of claims 
2 and 4-6 above, respectively). 

With respect to claim 27 (currently amended), the computer readable medium recited in 
the claim corresponds to the method recited in claim 1 (therefore, see the rejection of claim 1 
above). 

With respect to claims 28 and 29 (original), the limitations recited in the claim are 
analogous to the limitations recited in claims 2 ad 6, respectively (therefore, see the rejection of 
claims 2 and 6 above, respectively). 

5. Claim 10-13, 20 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Fu, as applied to claims 1, 14 and 21 above, respectively, in view of U.S. Pat. No. 6,687,807 to 
Damron (art of record, "Damron"). 

With respect to claim 10 (original), Fu does not expressly disclose the limitation wherein 
the first instruction is a linked list instruction. 

However, Damron discloses efficiently generating prefetch instructions for pointer-based 
data structures (see, for example, column 2, lines 43-48), such as linked lists (see, for example, 
column 2, lines 12-15), so as to mitigate memory latency problems (see, for example, column 2, 
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lines 2-5). Damron discloses that the additional memory hardware of the invention is relatively 
small and provides the CPU with relatively fast access (see, for example, column 2, lines 62-67). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to supplement the prediction method of Fu with the prefetching and linked 
list features taught by Damron, so as to predict the outcomes of linked list instructions, and 
accordingly mitigate the memory latency problems associated such pointer-based data structures. 

With respect to claim 1 1 (original), Fu also discloses the limitations wherein: 

(a) each key in the software structure is a pointer to a producer item in a linked list (see, 
for example, page 264, column 1, lines 29-33 and page 266, column 2, lines 30-34, which shows 
that the index or key in the table corresponds or points to an instruction selected for value 
prediction, i.e. a producer instruction, such as a producer item in a linked list); and 

(b) a predicted outcome corresponding to said each key in the software structure is a 
predicted pointer to a target item in the linked list (see, for example, page 263, Figure 3(a), 
which shows that the outcome of an instruction 12 is a data address of a target value, i.e. a pointer 
to a target value, such as a pointer to a target item in the linked list); 

(c) wherein the producer item precedes the target item in the linked list by one or more 
intermediate items (see, for example, page 263, Figure 3(a) and page 264, Figure 4(a), which 
shows that an instruction such as a producer item may precede an instruction such as a target 
item by one or more intermediate instructions). 

With respect to claim 12 (original), Fu also discloses the limitations wherein: 
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(a) the third instruction is to retrieve the predicted pointer of the target item from the 
software structure (see, for example, page 264, column 1, lines 14-15, which shows that the third 
instruction 17 retrieves the predicted value from the table); and 

(b) the third instruction is to be executed in parallel with one or more instructions that 
obtain pointers to the one or more intermediate items (see, for example, page 263, column 2, 
lines 14-18 and page 264, Figure 4(b), which shows that the third instruction 17 is executed in 
parallel). 

With respect to claim 13 (original), Fu also discloses the limitations wherein: 

(a) each key in the software structure is a value of a producer item in a linked list (see, for 
example, page 264, column 1, lines 29-33 and page 266, column 2, lines 30-34, which shows that 
the index or key in the table is a value corresponding to an instruction selected for value 
prediction, i.e. a producer instruction, such as a producer item in a linked list); and 

(b) a predicted outcome corresponding to said each key in the software structure is a 
predicted value of a target item in the linked list (see, for example, page 263, Figure 3(a), which 
shows that the outcome of an instruction 13 is a target value, such as a value of target item in the 
linked list); 

(c) wherein the producer item precedes the target item in the linked list by at least one 
intermediate item (see, for example, page 263, Figure 3(a) and page 264, Figure 4(a), which 
shows that an instruction such as a producer item may precede an instruction such as a target 
item by at least one intermediate instruction). 
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With respect to claim 20 (original), the limitations recited in the claim are analogous to 
the limitations recited in claim 10 (therefore, see the rejection of claim 10 above). 

With respect to claim 26 (original), the limitations recited in the claim are analogous to 
the limitations recited in claim 10 (therefore, see the rejection of claim 10 above). 

Conclusion 

6. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. U.S. Patent No. 6,516,409 to Sato teaches a processor provided with a data value 
prediction circuit and a branch prediction circuit. U.S. Patent No. 5,210,83 1 to Emma et al. 
teaches methods and apparatus for insulating a branch prediction mechanism from data 
dependent branch table updates that result from variable test operand locations. 

7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Michael J. Yigdall whose telephone number is (571) 272-3707. 
The examiner can normally be reached on Monday through Friday from 7:30am to 4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tuan Q. Dam can be reached on (571) 272-3695. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michael J. Yigdall 
My Examiner 
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